Abstract Historically, ecologists have been more interested in organisms feeding at the tops of food chains than in organisms feeding at or near the bottom. The problem of taxonomic and trophic inconsistency within and among described food webs is central to criticisms of contemporary food web research. To study the eects of taxonomic and trophic aggregation on food web properties, 38 published food webs, each containing a large fraction of investigator-de®ned biological species, were systematically aggregated by taxonomy and trophic (functional) group similarity. During each step of taxonomic and trophic aggregation, eight food web properties (MIN, MAX, mean chain lengths; the fractions of basal, intermediate and top species; the ratio of all links by the total number of species, L/S; and rigid circuits) were calculated and their departures from the original, unaggregated version were recorded. We found only two properties showing wide systematic departure from initial values after both taxonomic and trophic group aggregation: the fraction of basal species and L/S. One reason for the relative`constancy' of the six other properties was due in part to large numbers of trophically equivalent species (species with identical sets of prey and predators) found in these and other published webs. In the 38 webs, the average number of trophically equivalent species was 45% and ranged from a low of 13% in aquatic webs to a high of 71% in certain terrestrial systems (i.e., carrion webs). Six of the eight properties (MIN, MAX and mean chain lengths, the fractions of top and basal species, and the L/S ratio) were found to be more sensitive to taxonomic than to trophic aggregation. The relatively smaller variations observed in trophically lumped versions suggest that food web properties more aptly re¯ect functional, rather than taxonomic, attributes of real food webs. These ®ndings parallel earlier trophic-based results, and bolster the conclusion that uneven lumping of taxonomic and trophic groups in published food web reports do not modify markedly the scaling behaviour of most of their descriptive properties.
Introduction
Historically, ecologists have been more interested in organisms feeding at the tops of food chains than in organisms feeding at or near the bottom (e.g., Pimm 1982) . The problem of trophic and taxonomic inconsistency within and among described food webs is central to criticisms of contemporary food web research (Cohen 1978, pp. 118±125; Pimm 1982, p. 168; Paine 1988; Lawton 1989, pp. 67±68; Cohen et al. 1990, pp. 20±22; Winemiller 1990; Pimm et al. 1991; Martinez 1991; Cohen et al. 1993; Hall and Raaelli 1993; Polis and Winemiller 1996) . Called into question is whether various measures of food web structure, such as network connectance or food chain length, are constrained by natural forces or more simply by the resolution of published data. Consequently, distinguishing food web properties that are robust to data resolution from those that are more sensitive and understanding the basis of their robustness and sensitivity are natural next steps in food web research.
Following initial work on the sensitivity of certain food web properties (Sugihara 1982 (Sugihara , 1983 ; Auerbach 1984; Briand and Cohen 1984; Paine 1988 ), Sugihara et al. (1989) tested the robustness of several properties by varying the resolution of food web data through systematic aggregation of trophic (functional) groups. Using the Schoenly-Beaver collection of 60 communitytype food webs as a database (in Cohen 1989) , they found quite unexpectedly that six of eight commonly used food web properties (food chain lengths, predatorto-prey ratio, fractions of top and intermediate species, rigid circuits) were invariant over a wide range of data resolution after individual webs were aggregated to approximately one-half their original size. Two of the eight properties, the fraction of basal species and SC (the product of species richness S and web connectance C, see below), showed large systematic departures from initial conditions following increased trophic aggregation. These results suggested that most so-called scaling laws were generally valid, despite concerns about uneven resolution of trophic groups in the published data. It was concluded that these properties may be useful in cross-system comparisons, at least in published studies whose resolution of trophic groups vary within a factor of two. This analysis, however, left open the possibility that food web properties in individual webs may still be sensitive to aggregation based on dierences in taxonomic resolution.
Consequently, in this study, we compare the eects of taxonomic and trophic aggregation on eight food web properties using webs from the same collection as in our earlier analysis. Speci®cally, we ask whether the dierences we observe after lumping of taxonomic groups are as small as those found in our earlier trophic aggregation study. Because dierent steps of taxonomic aggregation (e.g. lumping congeneric species to produce a smaller genus-level web) can produce a variable number of dierent-sized versions of the original web, only trophically lumped webs of the same size and number as taxon-lumped versions were used in each comparison. We continue this work using edited webs from the Schoenly-Beaver collection because the original authors provided taxonomic re®nement at the level of individual species in most cases and because higher taxonomic relations for most species in this collection have been analysed previously (Schoenly 1990 ). The criteria used for web selection and potential sources of taxonomic and sampling bias revealed by sensitivity analyses of species and links in this collection can be found in Schoenly et al. (1991, Appendix A, pp. 623±626) .
Food web properties
We analysed eight properties that are customarily used to describe food webs.
(a±c) Food chain length. We calculated food chain length in three ways depending on whether chain length is determined as the length of the longest minimal path (MIN) in a web linking a top predator to a basal species (Sugihara et al. 1989; Cohen and Luczak 1992) , the length of the longest maximal path (MAX) connecting a top and basal species (Yodzis 1981; Briand 1983; Cohen and Luczak 1992) , or the mean length of all maximal paths (l; Cohen 1978; Martinez 1991; Schoenly and Cohen 1991; Cohen and Luczak 1992) . In the 38 original webs listed in Appendix 1, the range of MIN links is 1±3, the range of MAX links is 1±7, and l ranges from 1.0 to 4.56.
(d) Link density. We calculated the link density, L/S, as the number of food web links L observed in the web divided by the total number of species S. This property is equivalent to the product SC in Sugihara et al. (1989) , since the connectance C was measured as L divided by S 2 . The range of L/S values in the 38 unaggregated webs is 1.12±4.38 with a mean of 2.30 (Appendix 1).
(e±g) Species fractions. The fraction of top predators %T (species not reported as prey to any other species in the web), basal species %B (pure autotrophs or detritus), and intermediate species %I (species with predators and prey) in the 38 webs are approximately 0.47, 0.10 and 0.43, respectively (Appendix 1). Note that %T, %I and %B are not independent properties since their sum equals one. These properties show a wide scatter across webs of dierent sizes, and it has been suggested that this extreme variability is the sole reason for their scale-invariance (Hall and Raaelli 1991) . However, this high variability is not seen in all collections of food webs (e.g. Winemiller 1990; Havens 1992; Deb 1995) , and these properties continue to provide meaningful information to food web researchers.
(h) Rigid circuit. Species trophic niches tend to be packed tightly together in that most predator overlap graphs are rigid circuit graphs (e.g. Sugihara 1982 Sugihara , 1983 Sugihara , 1984 Yodzis 1989; Pimm et al. 1991) . From a graph theoretic perspective, a rigid circuit graph is one in which all circuitous paths through more than three points are shortened by a chord (Sugihara 1984) . Sugihara et al. (1989) found that the rigid circuit property was present in all but three of the predator overlap graphs from the 60 community-type food webs of the Schoenly-Beaver collection.
These properties have been formerly analysed using large collections of published food webs (Cohen 1977 (Cohen , 1978 (Cohen , 1989 Pimm 1982; Sugihara 1982; Briand 1983; Briand and Cohen 1984; Cohen and Briand 1984; Sugihara et al. 1989; Havens 1992; Martinez 1993 Martinez , 1994 . A number of intriguing empirical generalisations have emerged from these analyses, of which several are regarded by some authors as scaleinvariant: they stay roughly constant across a variety of webs spanning a wide range in the number of species they contain. However, together with criticisms of the data sets used to demonstrate these properties (e.g. Paine 1988; Polis 1991), recently compiled food webs cast some doubt on the validity of some of the scale-invariant laws (e.g. Winemiller 1989; Warren 1990; Hall and Raaelli 1991; Martinez 1991; Polis 1991; Havens 1992; Deb 1995) . The least robust property appears to be the link density metric, the behaviour of which may depend on the prevalence of indiscriminate feeders in the system under investigation (Havens 1992 (Havens , 1993 Bersier and Sugihara 1997) . These ®ndings led Martinez (1991 Martinez ( , 1992 Martinez ( , 1993 Martinez ( , 1994 , and Martinez and Lawton (1995) to put forward the hypothesis that most food web properties (all properties analysed here except rigid circuit) vary with the number of species in a web.
Whether the behaviour of the food web properties is scale-invariant or scale-dependent is peripheral to our study. The robustness of these properties to trophic and taxonomic aggregation is an important feature that any investigator should be aware of, whatever the scaling behaviour of the properties. Nevertheless, the results of our study may be useful in assessing the validity, or lack thereof, of the scale-invariant hypothesis.
Methods of aggregation
To study aggregation and the resulting loss of resolution in food web data, dierent methods were used to distinguish between the eects of taxonomic aggregation from trophic aggregation. Both aggregation methods were applied to each of the 38 food webs listed in Appendix 1.
Taxonomic aggregation was performed at each of four taxonomic`steps' along the hierarchy: genus±fam-ily±order±class. Since aggregating a web beyond the rank of class eectively strips it of most taxonomic as well as trophic detail, lumping ceased when the reduced web contained the greater of either 10 aggregated species or class-level resolution. However, since aggregating at the class level was possible for 3 webs only, the results of these will generally not be considered here. The use of ®ner taxonomic subdivisions, such as superclass, infraclass and suborder, was avoided because these categories are typically reserved for large and taxonomically diverse groups (e.g. ®shes and insects; Hickman et al. 1984) . In the ®rst step of taxonomic aggregation, each set of congeneric species (if any) were lumped into single clusters, producing a smaller genus-level web; in the second step, all confamilial genera (if any) were lumped to form a smaller family-level web; and so on. Web categories with no obvious taxonomic aliation (e.g. detritus, older organic debris) were left in their originally reported state. Family, order and class aliations for most species are usually available from the original food web reports; in remaining instances we consulted various taxonomic authorities (Cloudsley-Thompson 1958; Jordan 1963; Borrer et al. 1976; Pennak 1978; Clements 1981; Anderson and Knox Jones 1984) .
Trophic aggregation was performed one species at a time, using the clustering algorithm of Sugihara et al. (1989) based on increasing trophic similarity (see Martinez 1991 for an alternative and more extensive set of algorithms for trophic aggregation). Trophic similarity for each species pair was calculated as the number of predators and prey shared in common, divided by the total number of predators and prey in their union. Like other measures of faunal similarity, this statistic is taken over the interval (0,1). Thus, each step of the trophic aggregation procedure involved lumping the two species with the most similar sets of predators and prey. The path for trophically aggregating a web is unambiguous if similarities computed from the species pairs are unique. However, if computed similarities for two or more species pairs are identical, which is the case for trophically equivalent taxa, the number of paths for trophically aggregating a web increases. To resolve this problem, species pairs belonging to the same similarity threshold were aggregated at random, one pair at a time, until the last pair from that threshold was aggregated.
In both algorithms, taxonomic and trophic aggregates were de®ned as the union of their constituent species, and clusters of species were formed if two or more species shared a link in the original food web graph. During each step of both aggregations, the eight food web properties de®ned above were recalculated and their departures from the original, unaggregated version were recorded. To distinguish between the eects of taxonomic and trophic aggregation for a given food web property, we compared the two lumped versions of the same size, S (genus, family and order levels were contrasted with trophically based levels 1, 2 and 3, respectively). The lumping procedure ceased when each web contained fewer than 10 aggregated species. We adopted this`10 species stopping rule' to avoid arti®cial biases that appear in species-poor webs (Sugihara 1982; Sugihara et al. 1989; Bersier and Sugihara 1997) .
Results
We ®rst examined how the taxonomic and trophic aggregation processes aected the distribution of taxa in each trophic level. Basal species were assigned a trophic level of 1, other species were assigned a trophic level equal to the maximal path to a basal species plus one (Yodzis 1989) . Figure 1 compares the original distribution with that obtained after each consecutive step of trophic and taxonomic aggregation. First, it is striking to see that taxonomic and trophic aggregation produced similar distributions in the three steps of aggregation (Fig. 1A±C) . The ®rst step of aggregation produced an excess of taxa at the second trophic level and a loss at the ®rst, third and fourth levels (Fig. 1A) . This indicates that basal species (trophic level 1), and predators in trophic levels 3 and 4 were lumped together in disproportionately higher proportions than herbivores and detritivores (trophic level 2). These disproportionalities held at the following step of aggregation (Fig. 1B) . Continuing aggregation at the order stage and trophic step 3 strongly decreased the number of taxa in trophic level 2 (Fig. 1C) , showing that lumping here aected predominantly herbivores and detritivores. Taken together these test results demonstrate the ability of our aggregation algorithms to mimic the uneven lumping bias seen in published food web reports.
Aggregation results for eight properties are presented in Appendix 1 and Fig. 2 . Webs were reduced from 9% (cases 4.2b and 35 in Appendix 1) to as low as 89% (case 18b) of their original size without violating the 10 species stopping rule. Most webs of Appendix 1 could not be aggregated above the degree of family (or step 2 trophic aggregation; order-level or step 3 trophic aggregation was possible in 11 of the 38 webs). Thus, sample sizes decreased at higher stages of aggregation and summary statistics became correspondingly less meaningful. Figure 2 shows the distributions of fractional errors for each property after webs were reduced by three steps of taxonomic and trophic aggregation. The fractional error for each property was calculated as the dierence between the aggregated and original value, divided by the original value. For each property we summarised variability in these aggregations using the sum of the ranges, over the ®rst three stages of aggregation, of the fractional errors in each distribution. In taxonomically lumped webs, the sums of the three ranges for ®ve of the eight properties were as follows: mean chain length (2.620), L/S (1.899), intermediate species (3.924), top species (3.811) and basal species (12.851). In trophically aggregated webs, smaller sums were noted in ®ve of these properties: mean chain length (1.177), L/S (1.679), intermediate species (4.204), top species (3.122) and basal species (8.046).
Inspection of the means of the distributions of fractional errors (the triangles in Fig. 2 ) con®rmed that the basal species fraction displayed wide systematic departures from initial conditions, tending to rise markedly following increased aggregation (Fig. 2G) . The average deviations were much smaller for the link density metric and for the fractions of top and intermediate species, and even smaller for the three measures of chain length. The dierences found in the means of fractional errors for the same properties generally widened at higher stages of aggregation. Except for the MIN property, taxonomic and trophic aggregation produced average deviations that went in similar directions, and generally to a comparable extent. In sum, food web properties were slightly more sensitive following taxonomic aggregation than trophic aggregation and larger dierences were found in both sets of aggregations as webs were lumped at ever-coarser stages of data resolution.
As reported earlier (Sugihara et al. 1989) , one of the surprises of this analysis was the relative constancy of food chain lengths. Chain length based on the MIN criterion was once again more robust to variation in data resolution than the MAX statistic used by some researchers (Yodzis 1981; Briand 1983 . MIN chain lengths remained constant throughout taxonomic and trophic aggregation in 82% and 84% of the cases, respectively (Appendix 1). By comparison, MAX chain lengths remained invariant in only 53% and 71% of the webs following taxonomic and trophic aggregation, respectively (Appendix 1). Of these two integer measures, MIN chain length was the more robust chain statistic in both taxonomically and trophically lumped webs; however, like most of the other properties discussed above, the variability of MIN and MAX chains were slightly larger after taxonomic aggregation. Sugihara et al. (1989) also reported that much of the apparent scale-invariance in food web properties was attributable to the presence of trophically equivalent species, i.e. species that have identical diets and predators. In the present analysis, when webs were reduced from their original size down to their last trophically equivalent species, the median fractional errors for seven of these properties, taken from taxonomically and trophically lumped webs, were as follows: MIN length = 0, 0; MAX length = 0, 0; l length = 0.010, 0.006; top = A0.017, A0.024; basal = 0.062, 0.100; intermediate = 0.061, 0.046; L/S = A0.004, A0.033, respectively. If we then compare these values to the same aggregations taken beyond the degree of trophic equivalence down to 10 species or class-stage aggregation, median errors for all but the ®rst two properties became noticeably larger: MIN length = 0, 0; MAX length = 0, 0; l length = A0.020, 0.046; top = A0.077, Fig. 1A±C Distributions of the relative number of taxa in each trophic level after each step of trophic and taxonomic aggregation. The original distribution is given for comparison. The number of taxa (N) used to compute the distributions for the aggregated webs is given in each panel Fig. 2 A±G Frequency distributions of fractional errors for seven food web properties at three stages of taxonomic and trophic aggregation. In each case, fractional error was calculated as the dierence between the aggregated and original value, divided by the original value; a positive number indicated that the aggregated value exceeded the original value for that property. A triangle denotes the position of the mean and a dashed vertical line denotes zero deviation in each distribution. A large triangle indicates that the mean fractional error is signi®cantly different from 0 at the 5% signi®cance level (t-test; signi®-cance level with a Bonferroni correction: a H aa6). At higher stages of aggregation, note that sample sizes fall; therefore, summary statistics become less meaningful at these higher stages. Food web properties are generally robust to both taxonomic and trophic aggregation with slightly larger deviations, as expressed by their range, observed in taxonomically lumped webs for most of these properties A0.108; basal = 0.800, 0.304; intermediate = A0.024, 0.059; L/S = A0.119, A0.206. Thus, once webs were aggregated beyond the degree of trophic equivalence, most of these seven properties became slightly more sensitive to coarser degrees of data resolution. Nonetheless, even as webs were collapsed beyond trophic equivalence and/or one-half their original size, fractional errors for most of these statistics remained very small.
In trophically aggregated versions, the sequence to which the three trophic position properties were lumped beyond trophic equivalence generally followed the trend: intermediate, top, basal species. In cross-habitat comparisons, however, aquatic systems appeared to be an outlier to this trend, with 3 of 6 webs (cases 33a, 34, 36 in Appendix 1) following a dierent sequence (basal, intermediate, top) . Basal species appeared to be lumped sooner in aquatic webs because dierent phytoplankton species were more alike trophically (i.e. they have no prey and tend to have similar sets of predators) than other species in the web. This feature would be masked, however, in webs with coarsely resolved basal species.
The rigid circuit property is present in 57 out of the 60 webs of the Schoenly-Beaver collection and present in almost every web of the Briand-Cohen catalogue of 113 webs (Sugihara et al. 1989 ). The last column of Appendix 1 shows that the rigid circuit property is present in 34 out of the 38 webs before aggregation commenced. We also reported that if a web was initially rigid, it remained rigid for every step of the trophic aggregation procedure. This ®nding was con®rmed in the 34 webs in both taxonomically and trophically lumped versions (Appendix 1): Of the 4 webs not initially rigid (cases 31, 34, 37, 39), 2 remained non-rigid throughout trophic aggregation (cases 31, 37) but all 4 became rigid after taxonomic aggregation. Unlike the other seven properties, the robustness of the rigid circuit property remained ®xed after webs were aggregated beyond the degree of trophic equivalence.
Discussion
Most of the eight food web properties included in this analysis appeared relatively insensitive to the degree of data resolution in taxonomically and trophically lumped versions even after webs were reduced to greater than 50% of their original size. Not surprisingly, after a few webs had been aggregated to 70±89% of their original size, even the sturdiest food web properties became sensitive to these coarser degrees of data resolution. For example, food chain lengths in some webs became shorter at higher stages of aggregation (cases 15l, 18b in Appendix 1, Fig. 2A±C ). Compared to trophic aggregation, all but two of the eight properties (intermediate species, rigid circuits, Fig. 2F , Appendix 1) were more sensitive to taxonomic aggregation. One reason for these largely scale-independent results is, in part, the presence of large numbers of trophically equivalent taxa reported in published food webs. These results are in general agreement with our earlier trophic-based ®ndings (Sugihara et al. 1989 ) and appear to bolster the conclusion that uneven reporting of taxonomic and trophic groups in published food webs does not modify markedly the scaling behaviour of most properties.
The basal species fraction displayed wide systematic departures from initial conditions following both taxonomic and trophic aggregation (Fig. 3G) . In the majority of terrestrial webs, basal species remained largely intact throughout the aggregation process because this fraction generally contains more coarsely resolved (e.g. live insects) or taxonomically ambiguous (e.g. dead organic matter) categories compared to intermediate and top species fractions. On the other hand, basal species in 3 out of 6 aquatic webs were lumped sooner and with other basal species because they appear to be more similar trophically (e.g. phytoplankton species) than other aquatic denizens. These features contributed to the wide-ranging and systematic departures of basal species in the 38 webs analysed in this study. The extent to which this aquatic-terrestrial distinction is a product of nature or an artefact re¯ecting cultural dierences in established methodologies, however, still remains unresolved.
In these 38 webs, the mean number of trophically equivalent species is 45% and ranges from a low of 13% in freshwater systems (cases 30±39, Table 1 ) to a high of 71% in carrion webs (cases 21.1a±24b). Variation in the number of trophic species in dierent systems is due in part to how the original authors counted basal species. For example, in carrion webs, trophically equivalent species tend to be concentrated at the ®rst consumer level (detritus feeders) because carcass tissues are typically depicted as a single basal resource (e.g. Cornaby 1974; Jiron and Cartin 1981) . On the other hand, aquatic ecologists tend to split basal species into one or more grazer-based and one or more detritus-based components in their studies. The result is a smaller fraction of trophically equivalent species in aquatic webs, especially at the primary consumer level. Although gall-forming tissue is also customarily treated as a single basal resource in gall-parasitoid webs (Askew 1971; Hawkins and Goeden 1984) , the community of arthropod predators, parasitoids, hyperparasitoids and inquilines in these webs are more polyphagous, on average, than species found in other arthropod-rich systems . Consequently, most gall-associated species tend to have dierent sets of prey and predators, leaving correspondingly fewer numbers of trophically equivalent species.
Another study explored the eects of taxonomic aggregation on the food web properties in one large food web (Hall and Raaelli 1991) . The robustness of four properties analysed here was also examined (L/S, the fractions of top, intermediate and basal species), and the results were similar to ours: these properties were insensitive to the aggregation process. The fraction of basal species increased slightly, which parallels our result (Fig. 2G) . In contrast, they found that chain length was much aected by the taxonomic aggregation process that was used (Fig. 5, p . 831 in Hall and Raaelli 1991) , such that MIN chain length remained constant, but MAX chain length and the mean chain length decreased markedly. This discrepancy may be due to average food chain length being longer and degree of omnivory being higher in their web than in the webs analysed here. Aggregating omnivores at dierent trophic levels could tend to decrease the complexity of the pathways in a web, which would mainly aect MAX chain length, and to a lesser extent mean chain length.
Other methods of comparing the eects of taxonomic and trophic aggregation are conceivable. For example, one could imagine using an alternative criterion such as the number of discontinuities (or thresholds) encountered during trophic aggregation as the quantity for making trophic/taxonomic comparisons (J. Rice, personal communication). However, this method would add a second clustering algorithm to the trophic aggregation procedure and would increase the number of arbitrary decisions forced on the observer. We believe the S-based method is the most direct and the most sensible choice given that food web properties are customarily analysed against web size.
If one can imagine dierent ways of de®ning clusters of trophically similar taxa, one can also use dierent criteria to assign a trophic link between newly formed clusters. Here, we drew a link between two clusters if at least one species in one cluster was linked to at least one species in the other cluster. This procedure has been called the``maximum-linkage criteria'' (Martinez 1991) , and its validity has been questioned (Martinez 1993 ). Martinez gave preference to the``intermediate-linkage criteria'', where a link is drawn between two clusters if the number of pre-existent links is at least half the product of the number of species in each cluster. We did not use this method for two reasons. First, the aim of the aggregation algorithm is to mimic what researchers are prone to do when they assemble a food web. For example, if a trophic link is observed between two species each belonging to dierent aggregated taxa, the practice is to report it, not to ignore it until an arbitrary threshold is met. Second, the intermediate-linkage method has the undesirable tendency to generate disconnected webs, where clusters which do not meet the criteria for a drawn link can be separated from the original web (Martinez 1991) . Again, we believe this does not mirror the way ecologists assemble webs. Because of these limitations, the intermediate-linkage method is not suited to analyses of the sensitivity of food web properties to aggregation.
In the present study, the dierences found between trophically and taxonomically lumped webs have at least three important implications. (1) The relatively smaller variations observed in trophically lumped versions propound the hypothesis that the scaling behaviour of the eight food web properties more aptly re¯ects functional, rather than taxonomic, attributes of real food webs. (2) As webs were lumped at ever-coarser degrees of resolution, dierences between trophically and taxonomically lumped versions widened for most properties. Thus, this analysis is consistent with the empirical intuitions of ®eld ecologists and systematists that trophically similar species do not split cleanly along taxonomic lines; that is, members of one taxon may frequently occupy dierent trophic roles in the same ecosystem (for population-based examples and a review, see Polis 1984) . (3) Food web properties were more fragile after aggregating higher taxa (e.g. classes) than lower taxa (e.g. genera). Clearly, greater involvement of taxonomic specialists is needed in food web studies to ensure that the same degree of taxonomic re®nement traditionally aorded to the large, rare and conspicuous organisms of a food web is also given to smaller, more common and less conspicuous organisms.
Finally, the generally small fractional errors found in both sets of aggregation suggest that food webs exhibit some degree of self-similarity when viewed across a wide range of trophic and taxonomic resolution. That is, as in the ideal snow¯ake, these properties persist at both ®ne and coarse scales of observation (Sugihara and May 1990) . The degree to which these ®ndings are a product of natural forces and/or human perception will likely remain unresolved for some time. However, as investigators turn their attention to more dynamic attributes of food web structure, such as temporal (e.g. Kitching 1987; Warren 1989; Winemiller 1990; Schoenly and Cohen 1991; Closs and Lake 1994; Deb 1995 ), spatial (e.g. Beaver 1985 Kitching 1987; Warren 1989; Winemiller 1990 ; Closs and Lake 1994) and ontogenetic (Pimm and Rice 1987) in¯uences, new and larger sources of variability in their component properties will emerge. Explaining this variability is likely to be one of the next major challenges in food web research.
Appendix 1 Properties of 38 food webs aggregated by taxonomy and trophic similarity. Community-type food webs from the Schoenly-Beaver collection with 11 or more taxa were used.
Aggregation stopped in each case when the lumped web had fewer than 10 taxa (see text for details). Case numbers follow the coding system in Schoenly (1990) and . Predation matrices, species lists and bibliographical information for the 38 original webs are available in Cohen (1989) . For each web, the ®rst row gives eight properties of the original, unaggregated version; pairs of values in subsequent rows reveal the eects of trophic (Tr) Revised since Sugihara et al. (1989) 
